like morphology has been interpreted as a fugitive, ref-
Clonality and modular growth in sessile organisms uge-seeking strategy relative to that of other growth promote local exploitation of resources, facilitate dis-forms, such as mounds, trees, sheets, or plates (Winston persal of successful genotypes through adjacent mi-1976, Buss 1979 , Jackson 1979 . crohabitats, and spread the risk of genet mortality (e.g.,
The morphological strategies of clonal organisms are Harper and White 1974, Hughes and Jackson 1980 , predicted to have a number of important life-history Highsmith 1982 , Bell and Tomlinson 1980 , Harper correlates (e.g., review by Jackson 1979 . For example, 1985 .Furthermore, the magnitude the consequences of stoloniferous growth include the of these effects varies as a function of clonal growth potential for rapid clonal expansion, enhanced coloform. For example, in clonal plants with a "guerilla" nization by vegetative processes, the formation of strategy, vegetative propagation of rhizomes, stolons, loosely organized aggregations, indeterminant growth, and adventitious roots is interpreted as a mechanism early age of first reproduction, high fecundity, and high promoting rapid growth, spatial exploration, resource mortality rates among modules, as well as a strong acquisition, and escape from competition (Lovett Doust association with disturbed or ephemeral environments 1981, Harper 1985 , Fahrig et al. 1994 . In contrast, (e.g., Jackson 1979, Coates and , Sackplants with a "phalanx" strategy are characterized by ville Hamilton et al. 1987) . In both terrestrial and maa more compact growth form, slower growth, and a rine habitats, clonal aggregations often reach high dengreater commitment to the initial site of establishment. sities (e.g., Lovett Doust 1981, Ayre 1984 , Karlson Similarly, in clonal animals, a stoloniferous or runner-1988a and commonly experience catastrophic mortality associated with disturbance events (e.g., Hanes ' Manuscript received 17 February 1995; revised 4 October 1971, Heinselmann 1973 , Karlson and Hurd 1993 , 1995 accepted 10 November 1995. Hughes 1994). In shallow seas, turbulence associated with storms frequently results in fragmentation and dispersal of ramets (daughter colonies) as connections between parts of a colony are broken, thereby dispersing the genet (genetic individual) across local spatial scales [animal examples include staghorn corals (Highsmith 1982 , Hughes et al. 1992 , gorgonians (Lasker 1984 (Lasker , 1990 , zoanthids (Karlson 1986 (Karlson , 1988b , encrusting tunicates (Bak et al. 1981) , and vine-like sponges (Wulff 1991) l. Hence, clonal organisms are likely to be exposed to selection pressures associated with both crowding and catastrophes.
Crowding is commonly associated with competition for depleted resources, resulting in density-dependent fecundity and mortality, and selection for a number of characteristic life-history traits (e.g., Roff 1992 , Stearns, 1992 . In contrast, catastrophic mortality from disturbances is generally density independent, and selects for a very different suite of traits. Consequently, it is not clear from current life-history theory how the effects of intermittent crowding might be manifested in clonal organisms living in a highly disturbed habitat. Interference between plants grown at high density typically results in high mortality of modules (i.e., buds and shoots), low "birth" rates of buds, and severely limited growth of branches (Schmid and Harper 1985 , Jones and Harper 1987a , b, Solangaarachchi and Harper 1989 . Under crowded conditions, plants with a "phalanx" growth habit should be favored over the "guerilla" form, although disturbances can facilitate coexistence among plant species (e.g., Platt 1975 , Platt and Weiss 1977 , Connell 1978 .
Here, we focus on the consequences of stoloniferous growth on the dynamics of a common soft coral, EfJlatounaria sp., on the Great Barrier Reef, Australia. The growth habit of this organism is analogous to that described for "guerilla" plants (Lovett Doust 198 1, Harper 1985, Schmid and Harper 1985) and "runners" (Jackson 1979) . The primary objective of this study is to determine how survival and growth by stolons in Eflatounaria respond to crowding and physical disturbance. In addition, we evaluate the contribution of this form of clonal growth to substrate colonization, the recruitment of new colonies, and the density-dependent dynamics of Eflatounaria aggregations. We will provide evidence that both physical disturbance and density influence stolonal growth, and that the effects of each of these factors can be conditional on the other. Furthermore, our results indicate that this species exhibits a plastic demographic response that facilitates rapid clonal growth at low density and enhances survival within aggregations at high density.
The organism
At least three species of EJSLiatounaria (Alcyonacea: Xeniidae) have been described (Gohar 1939 , Verseveldt 1977 , although a thorough systematic treatment of the genus has been hampered by the absence of welldifferentiated spicules. Consequently, the stolon-bearing form described here remains unnamed. Stoloniferous Eflatounaria is particularly common on midshelf and outer barrier reefs of the Great Barrier Reef, Australia (Dinesen 1983 , Lasker 1988 .
Colonies of Eflatounaria usually consist of small clumps of polyp-bearing branches, typically 5 cm tall and often connected by stolons to nearby daughter colonies. Colonies cannot actively crawl across the substrate, so stolons represent an important form of local dispersal and are an essential component of the clonal processes affecting local population dynamics (see Results) . Eflatounaria is a dioecious brooder, but the overwhelming majority of new colonies are derived asexually by fission (Dinesen 1985) . Stolons in Eflatounaria are highly variable in shape, size, and location on the colony. They may be greatly elongated (up to 40-50 cm. Fig. IA) , elevated over the substrate or attached, and are sometimes broad and flattened where they come in contact with the substrate (Fig. IB) . They may be located basally on the stalk of a colony or apically at the end of branches (Fig. 1C) . Stolons may be terminally bifurcated (Gohar 1939 ; R. H. Karlson, personal observation) and may possess "sucker-like" attachment sites (Macfadyen 1936 , Gohar 1939 . Stolons sometimes link different regions of a single colony undergoing repair (Fig. ID) . More typically, stolons connect incipient daughter colonies with the parent colony as it undergoes fission (Dinesen 1985, Fig. 1E) . Frequently, most of the surface of an actively growing stolon is devoid of polyps.
As well as facilitating the local spread of genets, stolons play an important role in regeneration following injury and the redeployment of tissue following physical disturbance or an attack by a predator. Storms can injure and dislodge colonies and stolons from the substrate; recently attached stolons and small colonies are particularly susceptible (R. H. Karlson, personal observation) . Complete dislodgement from the substrate may result in dispersal or death. Stolons connecting partially detached colonies may stretch or grow rapidly, further facilitating local dispersal.
Stolonal growth
In order to determine how quickly stolonal growth changes occur in Eflatounaria, we followed the dynamics of 39 colonies (which initially bore 53 stolons) within 5 large aggregations of this species at Granite Head, Lizard Island (145"27' E, 14'39' S) on the northern Great Barrier Reef. These aggregations were one to several square metres in size and were located on inclined granitic substrate at depths of 1-5 m. The density of Eflatounaria within these aggregations was 2.01 + 0.12 colonies/100 cm2 (mean + 1 SE). The height of the selected colonies was 46.7 -C 1.8 mm, and their initial stolon length was 19.1 + 3.1 mm (means + 1 SE) with a range of 2-180 mm. Growth was estimated 
Recruitment and mortality: effects of density
In order to monitor background changes in the abundance of Eflatounaria and to test for significant effects of density on recruitment and mortality, we established semi-permanent belt transects through nine additional aggregations of Eflatounaria. We used hard-coral heads to map the end-points of the transects, which were 1-3 m long. During August and September 1993 and January 1994, we photographed 109-122 quadrats (16.4 X 10.9 cm each, the size of a close-up frame for a Nikonos underwater camera) along a total transect length of 14.5 m. Using sets of photographs, we estimated density (number of colonies per unit area) and recorded recruitment and mortality events. Subsequently we used regression analysis to test for any significant changes in per-capita vital rates as a function of density.
Clearing experiment
We experimentally evaluated the ability of Eflatounaria to colonize adjacent bare areas through clonal processes by removing colonies from selected quadrats within five additional aggregations. We hypothesized that crowding may inhibit stolonal growth and asexual fission through lack of resources, such as space and food. Within each of the five aggregations, we located three 396 cm2 quadrats (24.0 X 16.5 cm, 15 cm apart) along semi-permanent transects. We randomly assigned treatments in each set of quadrats to control, total clearing, and partial clearing groups; one central colony was left in quadrats designated for the partial clearing treatment. This design ensured that colonies at the periphery of the partial and total clearings (and the remaining central colony in the partial clearing treatment) experienced a local reduction in density, and thus may have been released from density-dependent competition within aggregations. The experiment was initiated in September 1993, when 109 colonies were removed from the 10 quadrats comprising the total and partial clearing treatments. Quadrats were sampled photographically in September and again 16 wk later in January 1994. One-way analysis of variance on the final density and percentage cover of Eflatounaria was used to evaluate the outcome.
Density-disturbance experiment
We hypothesized that dispersal by stolons might be affected by physical disturbance during storms. In January 1994, we located 40 pairs of stolonally connected colonies that were undergoing fission. Larger parent colonies were 48.6 t 1.8 mm high, while smaller incipient daughter colonies were 37.4 ? 1.7 mm (means 2 1 SE). The initial length of the stolons between colonies was 35.1 2 1.7 mm, while the total length of the stolons including the smaller daughter colonies was 56.9 2 2.2 mm (means ? 1 SE). Each pair was randomly assigned to treatment groups in a two-factor experimental design; the treatments comprised a density reduction and a disturbance simulation in which the smaller colony in each pair was detached from the substrate using a putty knife. This partial detachment of the pair of colonies was designed to simulate one effect of disturbance from storms. Low-density areas were created by removing adjacent colonies within 15 cm of the parent colonies. The number of colonies within high-density areas was 3.03 i 0.1 1 colonies/100 cm2 (mean i 1 SE). After 4-5 d, the total length of each stolon (the distance between each attached parent colony and the distal end of the detached smaller colony) was remeasured. The net change in total stolon length was evaluated using two-way analysis of variance. Homogeneity of variances was tested in all ANOVAs using F,,, tests, and transformations were used where appropriate.
Stolonal growth
Growth, attachment, and morphology of stolons were extremely dynamic. After only 10 d, some stolons exhibited rapid extension ( 5 5 2 mm), while others underwent significant resorption (' 23 mm). The highly variable behavior of these stolons is indicated by the coefficient of variation in the change in stolon length; cv = 5800%, mean = -0.2 mm, standard deviation = 11.6 mm. Although the length of most stolons (38 of 53) changed <10 mm, six grew 10-52 mm, and nine shrank 10-23 mm (Fig. 2) . Six of the nine rapidly shrinking stolons were initially unattached apical stolons, which were progressively resorbed over the brief interval. Among the six rapidly growing stolons, two that were initially unattached became fixed to the substrate, and three others developed polyps or a "suckerlike" attachment structure at the distal end. A similar range of very rapid morphological changes also occurred among slow-growing stolons.
Recruitment and mortality: effects of density
Recruitment and mortality were sharply lower at high densities. The density of EfJIatounaria within aggregations on Lizard Island was 2.13 2 0.1 1 colonies/ 100 cm2 (mean 2 1 SE), which did not vary significantly among sampling dates ( F = 0.39, df = 2, 342, P = 0.68). A total of 39 new recruits was added to 34 quadrats, which initially included 177 colonies, over a period of 21 wk. Over all 122 quadrats, new individuals were added to aggregations at a rate of 0.11 rec r u i t~. m -~, d a y -' .
of the observed recruits Thirty-six were clearly products of fission following lateral growth and degeneration of stolonal connections between colonies (e.g., Fig. 1E ). The origin of the three other recruits is uncertain, but only one of them appeared in summer, when sexually produced larvae are expected to settle following mass spawning in December (Dinesen 1985) . Consequently, we estimate that at least 97% of all the recruits we recorded originated from clonal processes.
Density had a significant negative effect on the percapita rate of recruitment in the 34 quadrats in which recruitment occurred (Fig. 3, F 0.009, R2 = 0.20). Furthermore, there was no systematic bias in the residuals about the original linear regression (lack-of-fit test, F = 3.71, df = 29, 3, P = 0.15)]. Since almost all new colonies were generated asexually, it appears that crowding inhibits stolon formation and subsequent fission. Consequently, recruitment of asexually produced colonies was almost three times more likely to occur in quadrats with an isolated colony than in quadrats with colonies at average density (Fig. 3) .
The number of deaths that occurred over the 21-wk period was twice the number of new recruits. There were 64 colony deaths in 44 quadrats, which initially included 265 colonies. Over all quadrats, colonies died at a rate of 0.21 indi~iduals.m-~.day-'. A lower percapita rate of mortality coincided with higher densities (Fig.4, F = 12 .48,df = 1 , 4 2 , P = 0.001, R 2 = 0.23). The linear relationship between mortality rate and density adequately described the data (lack-of-fit test, F = 0.82, df = 28, 14, P = 0.68). Based on these estimates, an isolated colony was twice as likely to die as one occurring in a group at average density.
Clearing experiment
The growth rate of stolons responded rapidly to the experimental reduction in density (Table 1) . There was extensive stolonal growth from the edges of cleared areas and from the central colonies in the partial clearing treatments, which restored the original high densities (number of colonies) and percentage cover of Eflatounaria (Table 1) . After 109 d, the final densities in cleared quadrats were not significantly different from the controls ( F = 1.508, df = 2, 12, P = 0.260; Table  1 ). However, colonies recruiting to cleared quadrats were generally smaller, resulting in more free space available for growth than observed in controls at the end of the experiment ( F = 10.965, df = 2, 12, P = 0.002, Table 1 ). Control quadrats exhibited no significant change in density or cover during the experiment (Table 1) .
Density-disturbance experiment
Dispersal by stolons in this experiment was affected by density and by the simulated disturbance in which the smaller of the two colonies in each pair was detached from the substrate. In fact, the impact of this disturbance was conditional on density. Stolons connecting the detached colonies to the larger colonies were extremely dynamic, mostly growing at low density and shrinking at high density (Fig. 5) . Of the original 40 stolons in this experiment, 16 extended or shrank at least 5 mm; 13 of these were in the disturbance treatments where total stolon length increased as much as 35 mm or decreased by up to 21 mm. At low density, 5 of 7 stolons bearing a detached colony extended 2 5 mm. In contrast, at high density, 6 of 9 stolons bearing a detached colony shrank 2 5 mm. Stolons (along with the smaller detached colony) broke off and disappeared in four replicates of the disturbance treatment. Stolons connecting attached control colonies did little regardless of density and none were lost (Fig.  5) . Two-way analysis of variance on the change in total stolon length substantiates the significant interaction between density and the simulated disturbance (MSE = 76.5, F = 4.154, df = 1, 32, P < 0.05).
Our results support the conclusion that clonal growth, survivorship, and asexual recruitment of EfJatounaria are strongly density dependent. Clonal growth resulted in rapid directional movement, which promoted substrate colonization, asexual recruitment of new colonies by fission, and the formation of dense aggregations in which colonies experienced significantly higher survivorship. The dominance of Eflatounaria at our intermittently disturbed, shallow-water study site is consistent with the prediction that stolon- iferous or runner-like forms should be more successful than other growth forms in disturbed environments (Jackson 1979 , Fahrig et al. 1994 . The capacity to form stolons and reorganize colonies facilitated recovery from injuries and mortality caused by disturbance events. The inhibition of stolonal growth at high density in Eflatounaria is strikingly similar to the effects of competition in plants, where crowding also reduces modular "birth" rates, interferes with clonal growth processes (Schmid and Harper 1985 , Jones and Harper 1987a , b, Solangaarachchi and Harper 1989 , and diminishes the capacity of competing modules to exploit local resources (Harper 1985) . Virtually all of the recruits we observed during the study were of clonal origin, generated when stolonal connections between incipient daughter colonies were absorbed. Furthermore, the rate of (asexual) recruitment was sufficiently high to offset mortality, since the high density of colonies was maintained. The prevalence of asexual recruitment in Eflatounaria has been confirmed elsewhere from the Great Barrier Reef by Dinesen (1985) in a 19-1110 study, and by Lasker (1988) who found that 92% of 60 colonies were undergoing fission. High rates of clonal fission appear to be the major source of aggregated colonies in this species. Clumped settlement of larvae or patchy mortality may also influence this dispersion pattern, but they are unlikely to be major contributors to the formation of dense aggregations compared with the very rapid rates of directional growth and fission we have documented. The reduced risk of mortality to Efjatounaria colonies at high density represents a significant benefit of aggregation (see Buss 198 1, Karlson 1988a for other examples) and is a plausible explanation for the selective advantage of stolonal growth. The observation that colonies moved closer together in response to the simulated disturbance only at high density (Fig. 5 ) also indicates the advantage of aggregation. If disturbed or injured colonies survive better under crowded conditions, then moving closer together should be adaptive (Fig. 4) .
Some of our results are not consistent with the predicted life-history correlates of a stoloniferous growth form. We found that clonal processes dominated the dynamics of Eflatounaria aggregations, and that rates of sexual recruitment were very low. Therefore, it seems unlikely that colonies are highly fecund (as predicted for sessile animals employing "runners"; see Jackson 1979, Coates and . Furthermore, the expectation that stoloniferous organisms should have relatively high mortality rates among modules (Coates and Jackson 1985 , Schmid and Harper 1985 , Jones and Harper 1987a was also not realized. The mortality rates we measured were low, and became progressively lower with increasing density (Fig. 4) . These inconsistencies may be indicative of a plastic life-history strategy in Eflatounaria, in which stolons are employed only intermittently in response to low density and to injuries associated with disturbance events. As density increases, Eflatounaria appears to switch from a fugitive strategy that promotes colony reorganization and clonal growth of stolons to one facilitating persistence of aggregations with greatly reduced mortality rates.
The "guerilla" growth habit of plants and the "runner" morphology of sessile animals has been viewed as a form of dispersal (Buss 1979 , Sackville Hamilton et al. 1987 , Fahrig et al. 1994 ) because they promote the movement of modules across local microhabitats. Although mobility in sessile organisms is generally confined to a juvenile dispersive phase, many attached clonal animals and plants have a considerable capacity for dispersal through rapid directional growth or by the production of asexual propagules by fission, fragmentation, or gemmulation. Theoretical explanations for the evolution of clonal dispersal mechanisms generally pose either density-dependent competition May 1977, Comins et al. 1980) or the risks of density-independent catastrophes (Comins et al. 1980 , Karlson and Taylor 1992 , 1995 as the primary agents of selection on dispersal traits. Our recruitment observations and density manipulations both indicate that stolonal growth in Eflatounaria is promoted at low density and inhibited at high density. Thus, the theoretical notion that clonal dispersal represents some form of escape from the detrimental consequences of high density is not supported by our results. Clearly, dense clonal aggregations provide considerable advantages to Eflatouizaria which may involve important cooperative rather than competitive phenomena. Since clonal dispersal by stolons promotes the formation of these aggregations, we suggest that future developments in dispersal theory incorporate selection favoring aggregation and cooperative behavior. 
